This paper presents a simple and eco-friendly method for the synthesis of silver nanoparticles (AgNPs) using licorice (Glycyrrhiza glabra) root extract and the evaluation of their antioxidant activity. UV-Vis spectroscopy, FTIR, TEM and EDX methods were used to characterize the AgNPs. The UV-Vis spectrum shows the characteristic surface plasmon resonance peak at 430 nm. The synthesized AgNPs have a spherical shape and are capped by biomolecules. Furthermore, FTIR spectra and EDX analysis demonstrate the presence of phytochemicals from extract which act as reducing and stabilizing agents. The presence of elemental silver was demonstrated by the peak at 3 keV from EDX spectra. The results following the DPPH free radical scavenging assay suggest that AgNPs present a better antioxidant activity compared to that of the extract. Therefore, the obtained results confirm that licorice represents a source of biomolecules that can be used for synthesizing AgNPs with antioxidant potential.
Preparation of metal nanoparticles, in particular noble metals nanoparticles, is an emerging field that has gained importance in the last years in various areas including medicine, biology, chemistry and physics. Among these, silver nanoparticles (AgNPs) have been noted for important biomedical applications varying from antimicrobial, antioxidant, hepatoprotective, anti-inflammatory activities to cancer control [1] . Generally, synthesis of nanoparticles can be accomplished by applying physical methods (ultrasonication, irradiation, microwave), chemical methods (chemical reduction, solgel method) or biological methods (using microorganisms, plants). Among the above mentioned methods, the use of plants in the synthesis of AgNPs has recently attracted particular attention due to the environmental aspects of the method [2] .
Glycyrrhiza glabra (licorice, sweet wood) is one of the plants with a rich ethnobotanical history, used in traditional medicine since ancient times [3, 4] . Licorice contains important bioactive compounds that belong to classes such as flavonoids, saponins, alkaloids, phenolic compounds, tannins, chalcones, amino acids (asparagine), bitter principles, volatile compounds, mineral salts, polysaccharides, protein, resins, simple sugars, starch, sterols [3] [4] [5] .
Literature survey has shown that licorice has several important therapeutic properties, such as antibacterial, hepatoprotective, antitussive, antimalarial, antihyperglycemic, antiviral, immunostimulator y, antiinflammator y, expectorant, antiulcer, antitumor, antiallergic, anticoagulant and antidiabetic [3] [4] [5] [6] .
The present study proposes a new method for the synthesis of AgNPs using licorice root extract. The obtained AgNPs were characterized using UV-Vis spectroscopy, FTIR, EDX and TEM, and their antioxidant activity was evaluated and compared to that of the initial extract. 
Experimental part Materials
Commercially available plant material (licorice roots) was utilized for the preparation of the extract. All reagents used were of analytical grade.
Preparation of licorice root extract
The licorice root extract was prepared by mixing 10 g of root fragments with 100 ml water at 40 0 C, for 30 minutes.
Phytochemical analysis of licorice root extract
The total phenolic content: The total phenolic content was determined using the Folin-Ciocalteu method [7] . Briefly, a proper dilution of the extract was mixed with the Folin-Ciocalteu reagent and then a 7.5 % Na 2 CO 3 solution was added. The absorbance was measured at 760 nm, after a period ranging from 30 seconds to 8 minutes. The total phenolic content was expressed as mg gallic acid equivalents per gram of dried plant material (mg GAE/g plant).
The total flavonoid content The total flavonoid content was determined using the aluminum chloride colorimetric method [7] that is based on the reaction with aluminum chloride 25 g/l in the presence of sodium acetate 100 g/l. The absorbance was determined after 15 minutes at 430 nm. The total flavonoid content was expressed as mg quercetin equivalents per gram of dried plant material (mg QE/g plant).
The total phenolic acids content
The concentration of total phenolic acids was estimated using a method officialized by the European Pharmacopoeia [8] in which the extract is treated with 0.5 M HCl, a solution that contains sodium nitrite and sodium molybdate and with NaOH 8.5 %. The absorbance was measured at 525 nm. The percentage of phenolic acids was expressed as mg chlorogenic acid equivalents per gram of dried plant material (mg CAE/g plant).
Quantification of polyphenols: For the quantification of polyphenols a HPLC-UV-MS method was used [9] . Briefly, compounds were separated on a Zorbax SB-C18 reversedphase analytical column 100 mm x 3.0 mm i.d., 3.5 µm particles, using as mobile phase methanol : acetic acid 0.1 % (v/v), in gradient elution. For separation an Agilent 1100 HPLC series system (Agilent, USA) was used, while for identification an Agilent Ion Trap 1100 VL mass spectrometer with Turbo-Ion spray (ESI) interface in negative ion mode was used. Quantification was performed using UV detection at 330 nm and 370 nm. Apigenin, caffeic acid, chlorogenic acid, p-coumaric acid, fisetin, hyperoside, isoquercitrin, kaempferol, quercetin, quercitrin, myricetin, rutin (Sigma, Germany), ferulic, gentisic, sinapic acids, luteolin, patuletin (Roth, Germany) and caftaric acid (Dalton, USA) were used as standards.
Synthesis of silver nanoparticles (AgNPs)
The synthesis of AgNPs was achieved by mixing licorice root extract (1 ml) with a 5 mM AgNO 3 solution (9 ml), followed by stirring at 600 rpm, at 60 0 C. AgNPs were separated by repeated centrifugation at 10,000 rpm for 20 minutes, after which the pellets were dispersed in distilled water and centrifuged to remove the water-soluble compounds, the operation being repeated 3 times. The finally obtained pellets were dried and used for characterization.
Characterization of AgNPs
UV-Vis spectra of samples were recorded using a Jasco V 530 double beam UV-Vis spectrophotometer, in the 300-600 nm wavelength range and at 1000 nm min -1 scanning speed.
Fourier transform infrared (FTIR) spectra were obtained using a Bruker Vertex 70 instrument. The samples were prepared using potassium bromide (KBr) discs. The spectra were registered in the 4000 -310 cm -1 range.
Transmission electron microscopy (TEM) analysis was performed with a Hitachi High-Tech HT 7700 Transmission Electron Microscope that operates at 100 kV. The samples were placed on a carbon-coated copper grid.
Energy dispersive X-ray analysis (EDX) was carried out by using a Quanta 200 Environmental Scanning Electron Microscope (ESEM). The samples were placed on aluminum supports. For this analysis, an EDX silicon-drift detector was used.
Photon correlation spectroscopy (PCS) and Dynamic light scattering (DLS) were performed using Delsa Nano Submicron Particle Size Analyzer (Beckman Colter).
The antioxidant activity of AgNPs
The antioxidant activity of AgNPs and of the extract was determined by DPPH free radical scavenging assay [10, 11] . Briefly, the absorbance of the DPPH (2,2-diphenyl-1picrylhydrazyl) solution was registered at 517 nm before and after adding the nanoparticles or extract and then the percentage of DPPH radical scavenging activity was calculated.
Results and discussions Phytochemical analysis
Secondary plant metabolites such as phenolic acids, flavones, alkaloids and terpenoids are potential precursors in the synthesis of nanoparticles [12] . Therefore, in order to investigate the potential of our extract to synthesize AgNPs, we determined the total content of phenolic compounds, flavonoids and phenolic acids using spectrophotometric methods.
The following results were obtained after the analyses: total phenolic content -25.78 mg GAE/g plant, total flavonoids content -3.12 mg QE/g plant and total phenolic acids content -1.62 mg CAE/g plant. The values reported in literature for similar extracts vary as follows: total phenolic content -5.83 mg GAE/100 mg lyophilized infusion, total flavones and flavonols -0.70 mg QE/100 mg lyophilized infusion [13] or the total phenolic compounds -4.8 mg/ 100 mg dry extract, the flavonoids content expressed as catechins -2.3 mg/100 mg dry extract [14] . Differences can occur due to various sources of plant material (licorice roots), the influence of the harvesting period, the extraction conditions etc.
Moreover, using a HPLC-UV-MS method, the presence of caffeic, p-coumaric and ferulic acids, quercetin and apigenin in the extract was demonstrated. The following compounds were also quantified: caffeic acid 2.61 µg/g plant, p-coumaric acid 7.32 µg/g plant and ferulic acid 2.53 µg/g plant.
Taking into account the identity and amount of the determined compounds in the extract and their reducing properties, we proceeded to the AgNPs formation process.
Synthesis and Characterization of AgNPs
Regarding the monitoring of the silver ion reduction reaction, the change in color after mixing the licorice extract with the AgNO 3 solution was observed (Figure 1 ) and the UV-Vis spectra were recorded (Figure 2 ). The reaction proceeding was slow, with no change in color being observed in the first 120 minutes. Afterwards, the yellow color of the initial mixture began to change to brown, which meant that nucleation was initiated and AgNPs formation was observed through the appearance of the specific surface plasmon resonance band at 430 nm on the UV-Vis spectrum (Fig. 2) .
The intensity of the color increased during the reaction time, finally turning into dark brown. Zaheer suggested that the appearance of surface plasmon resonance in the 410- 450 nm range demonstrates that the obtained nanoparticles are spherical [15] . In order to highlight the functional groups of the biomolecules that contribute to AgNPs formation, FTIR spectra of the extract and of the AgNPs were recorded (Figure 3 ). cm -1 possibly due to N-H and C-N stretching vibrations [17] or -C-C stretch in aromatics [16] and 1029 to 1024 cm -1 assigned to C-O stretch from alcohols, carboxylic acids, esters [16] or the aliphatic amines [18] . Moreover, the disappearance or decrease in peak intensity in the AgNPs spectrum ranging from 880-700 cm -1 can be observed. The analysis confirms the presence of some functional groups which may belong to phenolic compounds, flavonoids, proteins; these substances can participate in the formation, capping and stabilization of AgNPs.
The size and morphology of the prepared AgNPs were evaluated by TEM analysis. Figure 4 shows TEM image of the well dispersed AgNPs, confirming the spherical morphology and relative uniformity in size.
The average particle size was found to be around 10-15 nm. Most AgNPs are dispersed, being separated by a layer of organic compounds, as demonstrated by FTIR analysis. The presence of this organic layer confirms the stabilization of the surface of AgNPs [19] .
The chemical composition of AgNPs was evaluated by EDX analysis, the spectrum being presented in Figure 5 .
The EDX spectrum revealed a peak at 3 KeV absorption, characteristic to metallic silver, due to surface plasmon resonance. The quantitative results of EDX spectra for AgNPs showed a yield of 25.91 (weight %) silver. Furthermore, the presence of peaks characteristic for elements such as carbon (45.4 weight %), oxygen (21.32 weigh %), nitrogen (6.07 weigh %) demonstrates the presence of biomolecules at the surface of AgNPs [17] .
The particle size distribution obtained by DLS shows a polydisperse nature and an average size of 698 nm, suggesting a certain level of aggregation during the stabilization of the dispersed system. In addition, the zeta potential ( Figure 6 ) value is -29.41 mV.
The negative value of the zeta potential demonstrates the stability of AgNPs, shows a good colloidal nature [17] and the capping action of biomolecules [20] , suggesting that the heterogeneous system of the aqueous AgNPs dispersion can be stabilized by electrostatic repulsion between nanoparticles due to the surrounding organic layer. Since the spectrum was recorded on a mixture of natural extraction compounds, including polyphenolic compounds and proteins, the FTIR spectrum contains broad absorption bands in which different modes of vibration are superimposed. However, even under these conditions, some fundamental features can be observed, revealing the chemical nature of nanoparticles.
The comparative FTIR spectra show that most peaks found in the extract spectrum are also found in the AgNPs spectrum, which demonstrates the dual role of the compounds present in the extract: reducing and stabilizing agents. Peaks are generally displaced in the AgNPs spectrum. For example: 3419 to 3370 cm -1 characteristic to OH stretching vibration of hydroxyl group, [16] [17] [18] , 1629 to 1650 cm -1 attributed to -C=C-stretch alkenes [16] which may be overlapped with C-N and C-C stretching vibrations [17] and C = O stretching vibration, 1515 to 1512 cm -1 assigned to C = C and C = O groups [18] , 1424 to 1392 Antioxidant activity of AgNPs The antioxidant activity of AgNPs was evaluated using DPPH scavenging method and was compared with that of the licorice extract. A correlation between the concentration of the AgNPs sample and the antioxidant activity was observed. For the extract, the DPPH scavenging activity of the maximum concentration taken into work presents an inhibition smaller than 50 %, therefore the IC 50 could not be calculated. The IC 50 value of AgNPs was 0.37 ± 0.005 mg/ml. The obtained AgNPs showed effective antioxidant activity against the DPPH radical. These results can be explained by the presence of functional groups belonging to the biomolecules which adhered to them [21] .
Conclusions
In the present study, we described a rapid and environmentally friendly method for the synthesis of AgNPs using a licorice extract. Initially, the extract was evaluated for total content of phenolic compounds, flavonoids and phenolic acids; caffeic, p-coumaric and ferulic acids were quantified. Synthesized AgNPs were characterized by UV-Vis spectroscopy, FTIR, TEM and EDX techniques, revealing the presence of dispersed spherical nanoparticles containing an organic shell. These nanoparticles exhibit a higher scavenging activity when compared to the initial extract. In conclusion, licorice extract represents a good source of biocompounds with reducing capacity that can be successfully used for the synthesis of stabilized spherical silver nanoparticles with potential biological activities.
